A b s t r a c t -Microscopic s t r u c t u r e s of e l e c t r o l y t e s o l u t i o n s over a wide range of concentration have been determined by t h r e e d i f f e r e n t techniques; X-ray d i f f r a c t i o n , neutron d i f f r a c t i o n combined w i t h i s o t o p i c and isomorphic s u b s t i t u t i o n , and X-ray a b s o r p t i o n methods. Advantages and l i m i t a t i o n s i n s t r u c t u r a l information o b t a i n e d b y t h e t h r e e methods a r e b r i e f l y described. The s t r u c t u r e s of some i o n i c s o l u t i o n s i n room temperature l i q u i d , undercooled, and g l a s s y s t a t e s have been revealed from comparative X-ray and neutron d i f f r a c t i o n and X-ray a b s o r p t i o n measurements. Physico-chemical d a t a of t h e s o l u t i o n s a r e discussed from t h e microscopic s t r u c t u r e s of t h e s o l u t i o n s .
INTRODUCTION

Most of chemical r e a c t i o n s i n n a t u r e , s y n t h e t i c i n d u s t r y , b i o l o g i c a l systems, e t c . occur i n aqueous o r non-aqueous s o l u t i o n s . The mechanisms of t h e r e a c t i o n s and t h e p r o p e r t i e s of s o l u t i o n s depend upon t h e ion-solvent, solvent-solvent, and ion-ion i n t e r a c t i o n s ; t h e s e i n t e r a c t i o n s manifest themselves i n t h e microscopic s t r u c t u r e of t h e s o l u t i o n s .
Thus t h e s t r u c t u r e of e l e c t r o l y t e s o l u t i o n s , i n p a r t i c u l a r , of s o l v a t e d ions and chemical species involved i n t h e r e a c t i o n s , is e s s e n t i a l i n understanding t h e r e a c t i o n s and t h e physico-chemical q u a n t i t i e s of t h e s o l u t i o n s . ( I V ) melts c o n t a i n i n g incompletely h y d r a t i o n s h e a t h s , and ( V ) anhydrous molten salts. Most of s t r u c t u r a l s t u d i e s so f a r r e p o r t e d have been devoted t o c a t e g o r i e s I1 and V . On t h e c o n t r a r y , t h e r e appeared v e r y few s t r u c t u r a l i n v e s t i g a t i o n s on I , 111, and I V .
According t o Braunstein (l), t h e e l e c t r o l y t e s o l u t i o n s may be c l a s s i f i e d i n t o f i v e c a t e g o r i e s depending on t h e water c o n t e n t ; ( I ) v e r y d i l u t e s o l u t i o n , (11) concentrated aqueous s o l u t i o n , (111) h y d r a t e melts,
The s o l u t i o n s i n category I have been mostly used f o r thermodynamic s t u d i e s ; t h u s s t r u c t u r a l information w i l l p l a y a key r o l e i n i n t e r p r e t i n g thermodynamic parameters of chemical r e a c t i o n s i n t h e s o l u t i o n s . On t h e o t h e r hand, t h e e l e c t r o l y t e s o l u t i o n s i n categories 111 and I V are of considerable i n t e r e s t b o t h from fundamental chemistry such as c r y s t a l l i z a t i o n of t h e s a l t s and supercooling of t h e s o l u t i o n s , and from technological a p p l i c a t i o n s as t h e r m a l energy s t o r a g e ( 2 ) .
Among various techniques so f a r developed, X-ray d i f f r a c t i o n method h a s long been used f o r s t r u c t u r e determination of l i q u i d s and s o l u t i o n s ( 3 ) . Neutron d i f f r a c t i o n method h a s a l s o been proved t o be v e r y s u c c e s s f u l when it is combined w i t h i s o t o p i c s u b s t i t u t i o n method (4) . With t h e progress of synchrotron r a d i a t i o n X-ray a b s o r p t i o n spectroscopy h a s become one of t h e powerful means f o r s t r u c t u r a l s t u d i e s of e l e c t r o l y t e s o l u t i o n s (5).
I n a d d i t i o n , i n t e n s e w h i t e X-rays a v a i l a b l e a t synchrotron r a d i a t i o n f a c i l i t i e s have made it p o s s i b l e t o use t h e X-ray anomalous s c a t t e r i n g technique f o r determination of t h e s t r u c t u r e of s o l u t i o n s (6).
The above t h r e e techniques are s u p e r i o r t o o t h e r methods because t h e y give us d i r e c t s t r u c t u r a l information r e l a t e d t o t h e r a d i a l d i s t r i b u t i o n of atom p a i r s i n a system; t h e number of neighboring atoms around a c e n t r a l i o n , t h e i n t e r a t o m i c d i s t a n c e s between them, and i t s root-mean-square d e v i a t i o n . I t is timely t o discuss t h e advantages and l i m i t a t i o n s of each technique and t h e i r a p p l i c a t i o n s t o s t r u c t u r a l s t u d i e s of e l e c t r o l y t e s o l u t i o n s . 
STRUCTURE DETERMINATION
The s t r u c t u r e of an e l e c t r o l y t e s o l u t i o n i s expressed i n terms of one-dimensional p a i r c o r r e l a t i o n f u n c t
i o n ( r a d i a l d i s t r i b u t i o n f u n c t i o n ) . I n case s o l u t e MX, is d i s s o l v e d i n w a t e r t h e t o t a l r a d i a l d i s t r i b u t i o n f u n c t i o n G ( r ) f o r t h e s o l u t i o n c o n s i s t s of t e n p a r t i a l d i s t r i b u t i o n f u n c t i o n s ( f o r a s i m p l i c i t y t h e weight of each g ( r ) i s o m i t t e d )
.
For s t r u c t u r a l d e t e r m i n a t i o n of t h e s o l u t i o n our aim i s t h u s t o d e r i v e t h e i n d i v i d u a l g ( r ) s from experiments. I n t h e t o t a l G ( r ) , which is o b t a i n e d b y a c o n v e n t i o n a l d i f f r a c t i o n measurement, a r e superimposed t h e peaks of t h e t e n p a r t i a l g ( r ) s ( s e e F i g . l ( a ) and ( b ) ) ; t h u s it is o f t e n d i f f i c u l t t o u n i q u e l y determine t h e s t r u c t u r e of s o l u t i o n . I n p a r t i c u l a r , i n a v e r y d i l u t e s o l u t i o n , t h e s o l v e n t -s o l v e n t i n t e r a c t i o n i s predominant and t h e c o n t r i b u t i o n s of t h e ion-solvent and ion-ion i n t e r a c t i o n s a r e a t t h e background l e v e l i n i n t e n s i t y . I n p r i n c i p l e , we could d e r i v e t e n i n d i v i d u a l g ( r ) s from t e n independent experiments, however, such experiments a r e p r a c t i c a l l y i m p o s s i b l e . 
(d)
To overcome t h e above d i f f i c u l t y a s s o c i a t e d w i t h t h e t o t a l G ( r ) and t o d e r i v e t h e ion-solvent and ion-ion i n t e r a c t i o n s , X-ray anomalous s c a t t e r i n g , n e u t r o n d i f f r a c t i o n combined w i t h i s o t o p i c o r isomorphous s u b s t i t u t i o n , and X-ray a b s o r p t i o n f i n e s t r u c t u r e method have been developed i n t h e l a s t decade. Details of t h e t h e o r i e s and t e c h n i q u e s of t h e t h r e e methods have been described elsewhere (4, 5, 6) .
The X-ray anomalous s c a t t e r i n g method and t h e n e u t r o n d i f f r a c t i o n w i t h t h e s u b s t i t u t i o n method b o t h employ t h e d i f f e r e n c e t e c h n i q u e t h a t t h e p a i r i n t e r a c t i o n s n o t r e l a t e d t o an atom of i n t e r e s t a r e canceled o u t b y t a k i n g t h e d i f f e r e n c e between two e x p e r i m e n t a l d a t a f o r two sample s o l u t i o n s w i t h t h e same composition b u t w i t h d i f f e r e n t X-ray form f a c t o r s ( o r n e u t r o n s c a t t e r i n g l e n g t h s ) of t h e atom.
When two e n e r g i e s or two i s o t o p e s w i t h d i f f e r e n t s c a t t e r i n g l e n g t h s of atom M are used and t h e d i f f e r e n c e method is employed, we can g e t 4 
I t s h o u l d be noted t h a t t h e G'M(r) o r G',y(r)
c o n t a i n s o n l y t h e p a i r d i s t r i b u t i o n f u n c t i o n r e l a t e d t o atom M o r X of i n t e r e s t , r e s p e c t i v e l y , w i t h o u t t h e c o n t r
i b u t i o n from t h e s o l v e n t s t r u c t u r e and t h e c o u n t e r i o n s ( s e e F i g . l ( d ) ) . I n t h e d i f f r a c t i o n methods, t h e r a d i a l d i s t r i b u t i o n f u n c t i o n i s r e l a t e d t o t h e s t r u c t u r e f u n c t i o n i(Q) t h r o u g h t h e
F o u r i e r t r a n s f o r m ,
Here t h e momentum t r a n s f e r Q is 4xsinB/A, A t h e wavelength, 28 t h e s c a t t e r i n g a n g l e , p t h e number d e n s i t y of s o l u t i o n .
On t h e o t h e r hand, X-ray a b s o r p t i o n spectroscopy does n o t r e q u i r e t h e d i f f e r e n c e t e c h n i q u e and g i v e s t r u c t u r a l i n f o r m a t i o n concerning a b s o r b i n g atom M ( o r X ) d i r e c t l y from a s i n g l e experiment ( s e e Fig. l ( c ) ) . On a n assumption of t h e s i n g l e s c a t t e r i n g t h e o r y , we have XAFS i n t e r f e r e n c e f u n c t i o n X ( k ) as where k is t h e wave v e c t o r of t h e p h o t o e l e c t r o n , F,(k) t h e b a c k s c a t t e r i n g a m p l i t u d e of t h e j -t h atom, 6, t h e phase s h i f t , A t h e mean f r e e p a t h of t h e p h o t o e l e c t r o n , and t h e S8(k) i n c l u d e s t h e m u l t i e l e c t r o n process. Now, t h e term F,(k) exp (-2r,/A)S8(k) and 6 , ( k ) a r e c o r r e c t e d f o r a s t a n d a r d sample of known s t r u c t u r e and P(r)=4apr2g(r), e q u a t i o n ( 5 ) can be r e w r i t t e n a s
From a comparison of e q . ( 6 ) 
w i t h e q . ( 4 ) , w e can understand t h a t b o t h d i f f r a c t i o n and XAFS methods g i v e similar s t r u c t u r a l i n f o r m a t i o n . F i g u r e 2 shows t h e r a d i a l d i s t r i b u t i o n f u n c t i o n s o b t a i n e d by t h e XAFS and d i f f r a c t i o n methods. A s seen i n t h e f i g u r e , t h e r a d i a l d i s t r i b u t i o n f u n c t i o n o b t a i n e d b y t h e XAFS method i s l i m i t e d o n l y t o t h e s h o r t -r a n g e s t r u c t u r e , u s u a l l y t o t h e f i r s t c o o r d i n a t i o n s p h e r e . T h i s i s i n h e r e n t i n t h e XAFS method s i n c e t h e XAFS i n t e r f e r e n c e f u n c t i o n X ( k ) i s l a c k , due t o t h e a b s o r p t i o n edge, of t h e small k region c o n t a i n i n g i n f o r m a t i o n of
t h e long-range o r d e r i n g . The range used i n t h e F o u r i e r t r a n s f o r m i n eqs. (4) and ( 6 ) is c r i t i c a l f o r t h e r e s o l u t i o n of , t h e r a d i a l d i s t r i b u t i o n f u n c t i o n ; t h e h i g h e r r e s o l u t i o n i s o b t a i n e d t h e wider k-range is used. For t h e X-ray anomalous s c a t t e r i n g t e c h n i q u e t h e maximum Q v a l u e a v a i l a b l e i n experiments is u s u a l l y less t h a n 10 A-', t h u s a l e s s pronounced d i s t r i b u t i o n curve r e s u l t s ( 6 ) . I n s p i t e of t h e above d i s a d v a n t a g e of t h e XAFS method t h e t e c h n i q u e h a s a g r e a t advantage f o r s t r u c t u r e d e t e r m i n a t i o n of a v e r y d i l u t e s y s t e m , t o which t h e d i f f r a c t i o n methods a r e n o t p r a c t i c a l l y a p p l i c a b l e , when t h e f l u o r e s c e n t mode of measurement i s employed r a t h e r t h a n t h e c o n v e n t i o n a l t r a n s m i s s i o n mode. I n a d d i t i o n , t h e n e a r edge s t r u c t u r e i n XAFS c o n t a i n s i n f o r m a t i o n on e l e c t r o n i c s t r u c t u r e of i o n , a l s o g i v i n g evidence f o r t h e s t r u c t u r e of chemical s p e c i e s i n s o l u t i o n .
I n eqs. ( 2 ) and ( 3 ) t h e terms r e l a t e d t o t h e hydrogen atom, g#H(r) and gxH(r), a r e h a r d l y seen w i t h t h e t e c h n i q u e s using X-rays because of s m a l l s c a t t e r i n g f a c t o r of a hydrogen atom. On t h e c o n t r a r y , t h e r e l a t i v e s c a t t e r i n g l e n g t h of a deuterium atom ( i n n e u t r o n d i f f r a c t i o n t h e deuterium atom is used i n s t e a d of a hydrogen atom because of l a r g e i n c o h e r e n t s c a t t e r i n g c r o s s s e c t i o n of t h e l a t t e r ) is comparable w i t h t h o s e of heavy m e t a l s . Thus, o n l y t h e n e u t r o n d i f f r a c t i o n method can r e v e a l t h e s t r u c t u r e i n v o l v i n g hydrogen atom, e.g. t h e o r i e n t a t i o n a l c o r r e l a t i o n of water molecules ( 4 ) .
RESULTS AND DISCUSSION
Very dilute solution -category I
I n s o l u t i o n chemical species are i n e q u i l i b r i u m and t h e q u a n t i t y of each species can be a c c u r a t e l y estimated by using t h e s t a b i l i t y c o n s t a n t s of t h e system. Since o n l y a n average s t r u c t u r e of a l l chemical species p r e s e n t i n s o l u t i o n is seen from t h e d i f f r a c t i o n and X-ray a b s o r p t i o n d a t a , it is e s s e n t i a l t o know t h e composition of t h e species p r i o r t o s t r u c t u r a l experiments. For a complex e q u i l i b r i u m system, t h u s it is 
In Fig. 4 X-ray 
o a copper(I1) ion are replaced w i t h c h l o r i d e i o n s w i t h a n increase i n c h l o r i d e i o n concentration. For t h e lower c h l o r o complexes are observed t h e peaks ascribed t o non-bonding Cu..*C and Cu*-*C( CH3) i n t e r a c t i o n s w i t h i n t h e c o p p e r ( I 1 ) -a c e t o n i t r i l e i n t e r a c t i o n s .
C u C l : ' ( E )
\ --F i g . 4. X-ray absorption near-edge spectra o f the copper(I1) chlo.ride complexes in a c e t o n i t r i l e solutions.
S t r u c t u r a l parameter values of t h e stepwise Cu(I1) species are summarized i n Table 1 w i t h thermodynamic q u a n t i t i e s . W e w i l l now dicuss t h e thermodynamic parameters on t h e b a s i s of t h e s t r u c t u r e s revealed. Stepwise e n t h a l p i e s (n=1-4) are a l l negative, i n p a r t i c u l a r l a r g e l y negative f o r n=4, w h i l e t h e stepwise e n t r o p y is l a r g e l y p o s i t i v e f o r n=1-3, b u t l a r g e l y negative f o r n=4. These Table 1 . Structural parameters and thermodynamic data (9) of t h e copper(I1) chloride complexes i n a c e t o n i t r i l e solutions. r and u a r e the interatomic distance (A) and the Debye-Wal l e r factor (A2), respectively. ( 11) chloride complexes i n a c e t o n i t r i l e solutions.
changes i n t h e values from t h e t r i c h l o r ot o t h e t e t r a c h l o r o complex can be explained from t h e s t r u c t u r e of t h e t r i c h l o r o copper(I1) complex. As seen i n Table 1 t h e Cu-N bond l e n g t h w i t h i n t h e t r i c h l o r o complex i s s u r p r i s i n g l y long, compared w i t h t h o s e w i t h i n t h e lower c h l o r o complexes, showing a n extremely weak s o l v a t i o n of a n a c e t o n i t r i l e molecule t o Cu(I1) i o n . Thus t h e formation of t h e t e t r a c h l o r o complex is p r a c t i c a l l y s u b j e c t o n l y t o t h e bonding of a c h l o r i d e i o n t o t h e t r i c h l o r o complex w i t h much less energy t o break t h e Cu-N bond, r e s u l t i n g i n t h e l a r g e negative AH1 and m. The Cu-C1 bond l e n g t h of 2.23 A f o r t h e t e t r a c h l o r o complex is very c l o s e t o a mean Cu-C1 d i s t a n c e w i t h i n [
Liquid and glassy solutions -category 111 and IV
Undercooled and g l a s s y s o l u t i o n s a r e i n t h e m e t a s t a b l e s t a t e between l i q u i d s and c r y s t a l s . Thus, t h e s t r u c t u r e of s o l u t i o n s i n t h e m e t a s t a b l e s t a t e s w i l l be i m p o r t a n t t o understand t h e c r y s t a l i z a t i o n process and g l a s s y t r a n s i t i o n . Glassy s o l u t i o n s have o f t e n been used i n MSssbaur and ESR spectroscopies, however, t h e d e t a i l s of t h e change i n chemical e q u i l i b r i a and s t r u c t u r e i n t h e v i t r i f i c a t i o n process a r e ambiguous.
We have r e c e n t l y performed X-ray and neutron d i f f r a c t i o n and X-ray a b s o r p t i o n measurements of s o l u t i o n s a t l i q u i d and g l a s s y s t a t e s of copper(I1) a c e t a t e (lo), copper(I1) p e r c h l o r a t e (12), l a n t h a n i d e ( I I 1 ) p e r c h l o r a t e (12, 13, 14) , (18, 19, 20) . As seen i n Table 2 t h e h y d r a t i o n number decreases from t h e l i g h t l a n t h a n i d e i o n t o t h e heavy i o n s . The water molecules bound t o t h e i o n s a r e t i l t e d by a b o u t 20' i n 0 ( F i g . 61, indenpedent on t h e series.
The h y d r a t i o n number of t h e l a n t h a n i d e ( I I 1 ) ions h a s been discussed among v a r i o u s groups, i n p a r t i c u l a r whether o r n o t t h e h y d r a t i o n number changes i n t h e s e r i e s . The neutron d i f f r a c t i o n measurements coupled w i t h t h e isomorphous s u b s t i t u t i o n method have been performed w i t h p e r c h l o r a t e s o l u t i o n s of P r ( I I I ) / N d ( I I I ) , T b ( I I I ) / D y ( I I I ) , and T m ( I I I ) / Y b ( I I I ) (13,14). A t y p i c a l r a d i a l d i s t r i b u t i o n f u n c t i o n i s shown i n F i g . 6 f o r t h e s o l u t i o n of T m ( I I I ) / Y b ( I I I ) . The s t r u c t u r a l parameters are given i n Table 2. I t should be mentioned t h a t t h e p r e s e n t r e s u l t s obtained by t h e isomorphous displacement are i n good agreement w i t h i n experimental accuracies w i t h t h o s e b y t h e i s o t o p i c s u b s t i t u t i o n method
Some examples a r e described below. 
RADIUSIA
The change i n t h e h y d r a t i o n number h a s a l s o been confirmed from X-ray a b s o r p t i o n measurements of p e r c h l o r a t e s o l u t i o n s of a s e r i e s of l a n t h a n i d e ( I I 1 ) i o n s b o t h i n t h e room t e m p e r a t u r e l i q u i d and i n t h e g l a s s y s t a t e a t l i q u i d n i t r o g e n t e m p e r a t u r e . F i g u r e ' 7
shows c l e a r l y t h e h y d r a t i o n number changes i n t h e middle of t h e s e r i e s Sm(II1) and E u ( I I 1 ) . The Ln(II1)-0 d i s t a n c e s a r e i n good agreement w
i t h t h o s e from t h e n e u t r o n d i f f r a c t i o n s t u d i e s . I t h a s been suggested t h a t t h e e q u i l i b r i u m between e i g h t and n i n e c o o r d i n a t e d s p e c i e s s h i f t s t o w a r d t h e h i g h e r h y d r a t i o n s t a t e a t lower t e m p e r a t u r e .
The g l a s s y s t a t e of e l e c t r o l y t e s o l u t i o n s h a s shown a s u r p r i s i n g s t r u c t u r a l change. Liquid and g l a s s y samples were measured a t room t e m p e r a t u r e and a t l i q u i d n i t r o g e n t e m p e r a t u r e , r e s p e c t i v e l y . As seen i n F i g . 8 
, i n t h e l i q u i d s t a t e t h e peak a t 9670 eV, c h a r a c t e r i s t i c f o r aqua z i n c ( I 1 ) complex, decreases w i t h i n c r e a s i n g
c o n c e n t r a t i o n , whereas t h e peak a t 9663 eV, t y p i c a l f o r [ZnI4I2-, i n c r e a s e s . These changes i n t h e s p e c t r a s u g g e s t s t e p w i s e f o r m a t i o n of z i n c ( I 1 ) i o d i d e complexes i n t h e s o l u t i o n s . . X-ray absorption near-edge spectra f o r aqueous solutions of Zn12.RH20 in t h e liquid s t a t e a t room temperature and in t h e glassy s t a t e a t liquid nitrogen temperature, and f o r c r y s t a l 1 ine ZnS04. 7H20 and Zn12. c . . On t h e o t h e r hand, t h e near-edge s p e c t r a i n t h e g l a s s y s t a t e show a p e c u l i a r t r e n d . For R=10 t h e s p e c t r a i n t h e g l a s s y s o l u t i o n a r e very similar t o t h o s e i n t h e l i q u i d . However, t h e e q u i l i b r i u m s h i f t s t o form lower complexes f o r t h e s o l u t i o n of R=4.7, b u t b u t t o form higher complexes a t R=20 i n t h e g l a s s y s t a t e . Figure 9 shows t h e F o u r i e r transforms ( n o t corrected f o r t h e phase s h i f t s ) of t h e samples i n v e s t i g a t e d . I n t h e s o l u t i o n s a t room temperature, t h e s h a r p peak a t 1.72 A , ascribed t o Zn-OH2 bonds, decreases and t h e peak a t 2.50 A due t o Zn-I i n t e r a c t i o n s increases w i t h increasing s o l u t e concentration, which i s c o n s i s t e n t w i t h t h e stepwise complex formation of z i n c ( I 1 ) iodide as suggested from t h e near-edge s p e c t r a . On t h e c o n t r a r y , i n t h e g l a s s y s t a t e t h e Fourier transforms of t h e t h r e e s o l u t i o n s are very similar, suggesting t h e presence of similar species formed i n t h e s o l u t i o n s . The s t r u c t u r a l parameters o b t a i n e d a r e given i n Table   3 . This s t r u c t u r a l change i n t h e g l a s s y s t a t e can be i n t e r p r e t e d i n terms of a kind of 
This conclusion is c o n s i s t e n t w i t h t h o s e from Raman s p e c t r a l measurements (21).
I t I s i n t e r e s t i n g t o know whether such a d i s p r o p o r t i o n a t i o n r e a c t i o n occurs i n a n undercooled s o l u t i o n . T o t a l X-ray s c a t t e r i n g s from a n aqueous s o l u t i o n ZnI.5H20 have been measured (22) . 
peak due t o t h e Zn-I bonds is unchanged. T h i s f a c t s h o u l d be i n t e r p r e t e d w i t h t h e f o r m a t i o n of h i g h e r complexes a t -5°C.
However, t h e lower complexes must a l s o be formed t o keep t h e Zn-I peak c o n s t a n t . Thus, t h e occurrence of t h e d i s p r o p o r t i o n a t i o n r e a c t i o n i s c o n c l u s i v e even i n t h e undercooled s t a t e of t h e s o l u t i o n . S t r u c t u r a l d e t e r m i n a t i o n s of o t h e r undercooled s o l u t i o n s a r e i n progress.
CONCLUDING REMARKS
Comparative use of X-ray and n e u t r o n d i f f r a c t i o n and X-ray a b s o r p t i o n t e c h n i q u e s h a s enabled u s t o determine t h e s t r u c t u r e of e l e c t r o l y t e s o l u t i o n s over a wide range of c o n c e n t r a t i o n .
The f u r t h e r p r o g r e s s i n h i g h i n t e n s e X-ray s o u r c e s l i k e s y n c h r o t r o n r a d i a t i o n and p u l s e d n e u t r o n sources w i l l n o t o n l y improve t h e q u a l i t y of d a t a d e s c r i b e d i n t h i s a r t i c l e , b u t a l s o speed u p t h e measurements and e n a b l e c r i t i c a l experiments l i k e t h o s e under extreme c o n d i t i o n s and time-resolved measurements t o s t u d y r e a c t i o n i n t e r m e d i a t e s i n s o l u t i o n . We s h o u l d a l s o b e a r i n mind t h a t t h e s t r u c t u r e of e l e c t r o l y t e s o l u t i o n s s h o u l d be i n v e s t i g a t e d b o t h from a s t a t i c f e a t u r e and from dynamic p r o p e r t i e s .
I n t h i s paper t h e dynamics of i o n s and water molecules i n s o l u t i o n s d u r i n g s u p e r c o o l i n g t o g l a s s t r a n s i t i o n process i s n o t mentioned because of a l i m i t of space a v a i l a b l e . The r e l a x a t i o n t i m e measurements i n NMR s p e c t r o s c o p y and q u a s i -e l a s t i c n e u t r o n s c a t t e r i n g t e c h n i q u e g i v e u s u s e f u l i n f o r m a t i o n on dynamic p r o p e r t i e s of s o l u t i o n s . By looking i n t o s o l u t i o n s from b o t h a s p e c t s v a r i o u s p h y s i c a l and chemical phenomena i n t h e s o l u t i o n s w i l l be c l a r i f i e d i n d e t a i l .
